Introduction
Environmental stresses influence plant growth and cause lower performance in field cultivations (Carlin & Santos, 2009) . Water deficit stands out among the numerous abiotic factors that most significantly reduce the performance of sugarcane plantations, which is the main cause of reductions in productivity Montesinos-Pereira et al., 2014) . To deal with this problem, some papers (Carlin & Santos, 2009; Queiroz et al., 2011; Gimenez et al., 2013) on water deficit have been developed in the search for drought-tolerant cultivars. However, studies that address the topic are still needed to increase our understanding of plant mechanisms for adapting to adverse environments (Monteiro et al., 2014) .
Water deficit is established when a plant cannot meet the demands necessary both for photosynthesis and for respiration. Plants that survive or maintain their growth rate in periods of water deficit are considered as tolerant (Rodrigues et al., 2009) . When these changes occur, the root system is the first region in a plant to detect and signal the effects of stress to other cells, tissues, and organs (Sauter et al., 2001) . As a response to this, plants use various protection mechanisms against adverse growth conditions such as foliar abscission, stomatal closure, and osmotic adjustment, among others, These survival mechanisms depend on the plant genotype, development phase, and duration and intensity of water tension in which the soil finds itself .
The osmotic system constitutes in one of the most efficient physiological mechanisms for maintaining cell turgidity under conditions of low hydric potential in the soil (Dobrá et al., 2011; Pintó-Marijuan & Bosch, 2013) . It offers protection for short periods of stress and is important when the adverse conditions do not take long to normalize. This mechanism is established via the accumulation, in the vacuole or in the cytosol, of osmoprotectant substances (proline, glycine betaine, and trehalose, among others) that contribute to maintaining hydric balance and preserving the integrity of proteins, enzymes, and cell membranes (Ahanger et al., 2014; Pintó-Marijuan & Munné-Bosch, 2013) . In plants under stress, proline content can increase up to 100 times, in comparison with that observed in plants cultivated under normal conditions (Verbruggen & Hermans, 2008) . This accumulation is one of plants' main responses to hydric stress and is correlated with degree of tolerance (Carlin & Santos, 2009) .That is reason why proline is the most studied osmoprotectant, due to its response sensitivity to adverse conditions (Abbas et al., 2014) . Besides, alongside other compounds, it can act as a non-enzymatic antioxidant in the elimination of reactive oxygen species (ROSs) and inhibit damage caused by lipid peroxidation (Verbruggen & Hermans, 2008; Das & Roychoudhury, 2014) . Other authors claim that proline metabolism leads to an increase in the quantity of ROSs in mitochondria, via the electron transport chain, which has an impact on the survival and death of cells in different species (Liang et al., 2013) . Even though there is abundant literature on proline accumulation in plants under various types of stress (Carlin & Santos, 2009; Rhein et al., 2011; Gimenez et al., 2013; Das & Roychoudhury, 2014) , it is not known for sure if this accumulation always occurs (Joseph et al., 2015) , thus the constant research on the subject.
Papers on sugarcane roots are rarer in this area. Therefore, the aim of this paper was to study and determine proline accumulation in sugarcane roots that were contrastive with regards to drought tolerance and during different sampling periods, both to prove the tolerant character of cultivar RB867515 and to confirm that an increase in proline content promotes drought tolerance, and thus recommend it for new studies on abiotic stress.
Material and methods
The experiment was installed and conducted at an average altitude of 615 m, at 21º 14' 05"S and 48º 17' 09"W, in a greenhouse located at the Agrarian and Veterinarian Sciences Faculty of the Paulista State University, Jaboticabal, SP, over the period from September 2008 to April 2009, under controlled temperature and humidity conditions. The average temperature was 27.39 ºC ± 2.31 ºC, with a maximum of 31ºC ± 2.38ºC and a minimum of 22.19 °C ± 1.94 °C and a relative air humidity with a variation of 60.44 ± 17.44%.
In order to evaluate the effect of water deficit in the soil, 175-day-old sugarcane plants were used from the RB867515 (drought-tolerant) (Embrapa, 2013) and SP86-155 (drought-sensitive) (COPERSUCAR, 1999; CTC, 2007) cultivars. This age of plant corresponds to the greatest crop development phase, also known as the formation phase, and identified as the most critical in terms of demand for water (Ramesh, 2000) , primarily because it is in this phase that approximately 70 to 80% of sugarcane production takes place (Singh & Rao, 1987) . Thus, the experiment was initiated with minibillets from a 7 cm length bud, originating from the Fazenda Santa Rita, Barrinha, SP. At around 30 days after planting, the homogenous seedlings (with the best aerial part and root characteristics) were transplanted into plastic 14.5 L pots, one seedling per pot, which contained red-yellow agrosoil (subjected to liming and nutrient correction) originating from the municipality of Catanduva (Table 1) .
During the experiment, irrigation was carried out manually, maintaining soil humidity in the range of 65-75% field capacity (FC). Humidity was monitored via random weighing of some of the pots in order to verify whether they were within the weight range previously calculated for soil with humidity between 65-75% FC. Considering water density (wd) as being equal to 1 (wd = 1g cm -3 ), joint "pot+soil+plant+water" mass should be maintained between 18.49 kg (65% FC) and 18.95 kg (75% FC). This range of joint mass values (kg) included empty pot and dry soil masses, the average value for fresh plant mass (aerial part + roots), and the mass corresponding to the water volume for 65 or 75% FC, respectively.
The sampling periods (SPs) corresponded to plant collection after 1, 3, 5, and 10 days of water deficit. In each SP the control plants were also collected and maintained in soil with adequate water availability (65-75% FC). To determine the humidity present in the soil on collection (SPs), the percentage of soil pores filled with water was calculated. The pots for the four biological replicates of the control plants and of the water deficit plants were weighed and the corresponding average root volume and that of the empty pot was subtracted from the value obtained. The roots were quickly washed with tap water, followed by another wash with MilliQ ultrapure water. Next, they were cut into smaller pieces with the help of sterilized cutters, and then they were wrapped in labeled aluminum paper and quickly transferred into liquid nitrogen and stored in an ultrfreezer at --80°C until the time they were used.
A random block design was used, in a factorial scheme 2 x 2 x 4, two cultivars (RB867515 and SP86-155), two hydric treatments (with and without irrigation suppression), four sampling periods (1, 3, 5, and 10 days of irrigation suppression), and four biological repetitions.
The drought-tolerant (RB867515) and droughtsensitive (SP86-155) sugarcane cultivars had their osmoprotectant proline quantified (0.5 g of root tissue) in accordance with the methodology from Bates (1973) .
The statistical analysis was carried out using the SAS 9.1 statistical program (SAS Institute Inc., Cary, NC, USA), in a 2 x 4 design (cultivar and period), and their interaction for the difference between the stressed and the control plant. The analysis of the results was carried out by applying the F test. The differences between the averages were separated using the Tukey test with a 5% probability.
Results and discussions
The soils from the pots, from the stressed treatments, with one day of water deficit, from the two sugarcane cultivars, presented a field capacity of around 59% FC, that is, values for water present in the soil that were below the 65 to 75% range field capacity determined. After three days of water deficit, the FC was 52% and after five days of water deficit the FC was approximately 43%. We can say that within this range the stress was moderate, becoming severe after 10 days of water deficit, with approximately 23% FC ( Table 2) . (1) Derivative of calculation using the average value obtained from weighing the soil from the four biological replicates; (2) SP: Sampling Periods; (3) Control: soil with adequate water supply (with irrigation); (4) WD: soil with water deficit (irrigation suppression); (5) DVPa: difference in volumes of soil pores filled with water between the two hydrc regimes, that is, DVPa= soilcontrol -soilWD.
These stress levels were calculated along with the changes in the phenotypic aspects of the plants under the treatments, with the sensitive cultivar under water deficit (stressed) conditions exhibiting yellow, wilted, and rolled up leaves after the 5 th day of water deficit (moderate stress) when compared with its control. However, the tolerant cultivar maintained rapid growth and erect characteristics in this same sampling period, differing from its control plant after the 10 th day of treatment (severe stress) (Figures 1 and 2 In other studies involving water deficit in sugarcane, some researchers have examined previously stipulated water deficit levels, such as Carlin & Santos (2009) , who carried out an experiment involving water deficit in sugarcane using soil microporosity values, in which FC 70% was established for microporosity, considered adequate for most cultivated plants. The quantity of water to be added was calculated for each water availability treatment: without stress (70% FC, 1.89 L), moderate stress (55% FC, 1.49 L), and severe stress (40% FC, 1.08 L). Queiroz et al. (2008) also examined water deficit in sugarcane for three levels of soil water availability (SWA), 55% (SWA1 = without stress), 40% (SWA2 = moderate stress), and 25% (SWA3 = severe stress) for pores filled with water, during 60 days.
The stress level (without stress, moderate stress, and severe stress) caused by water deficit can vary according to the experimental handling of each study. Various factors, such as soil type, cultivar type, pot type, or whether it was conducted in the field, as well as the phenotypic characteristics of the plants from each cultivar in relation to each treatment, act together to determine stress levels.
In Table 3 , we can observe that there was no significant difference in proline levels (µmol g -1 ) in the first three sampling periods (1, 3, and 5 days) for the two cultivars analyzed. There was a significant difference between the last sampling period (10 days) and the cultivars, with the RB867515 cultivar presenting greater increases in proline levels, with an expressive difference of 35.43% (Figure 3) . These results were similar to those found by Gimenez et al. (2013) , who in examining sugarcane palm heart from the cultivars SP83-5073, RB867515, and SP86-155, subjected to water deficit conditions, verified that after 10 days of water deficit they presented a significant increase in proline levels when compared with the 5 th day of treatment. However, Iskandar et al. (2011) , in examining sugarcane stalks subjected to water deficit conditions for 3, 7, 11, and 15 days, identified that proline levels increased after three days of treatment and continued increasing up to 15 days.
According to Carlin & Santos (2009) , in a study involving sugarcane under stress from water deficit and soil acidity, in a soil acidity control treatment, combined with a high water deficit (60 days of stress), demonstrated a 13.6% increase in proline levels in foliar tissue. This result showed that the accumulation of this amino-acid in plants is related more to the quantity of water available in the soil than with the presence of ion toxicity.
Generally, when plants are exposed to various types of environmental stress, including drought, they can exhibit an accumulation of proline. This type of response has been related to plant tolerance, and may represent a regulatory mechanism for water loss, via an increase in cell osmolarity (Fumis & Pedras, 2002) . Santos et al. (2010) also claimed that water deficiency causes modifications in the composition of cells in the plants above, leading in many cases to the production and accumulation of osmotically active substances. Premachandra et al. (1992) claimed that an osmotic adjustment occurs in order to help a plant to maintain turgor, thus supporting cellular elongation and expansion in regions of growth while water deficit persists.
Figure 3 -Proline increase in sugarcane roots subjected to water deficit conditions. Drought-tolerant cultivar (RB867515) and drought-sensitive cultivar (SP86-155).
According to Liang et al. (2013) , the widespread use of proline in nature as a tension adapting molecule indicates that it plays a fundamental biological role in the response to stress. Understanding the mechanisms by which proline increases the response to abiotic and biotic stresses will make easier for researchingon agricultural crops and improve human health. The authors also claim that proline metabolism bolsters cell signaling processes that promote cell apoptosis or survival. Thus, proline metabolism increases the production of reactive oxygen species (ROSs), which has been connected with hypersensitive responses in plants, apoptosis, tumor suppression, and cell survival in animals.
Conclusion
The greater accumulation of proline after the 5 th day of water deficit could form part of the responses that lead to drought-tolerance in the RB867515 cultivar.
